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(57) Abstract: A DC power supply apparatus comprises a MOS-FET (5) for converting the input from a DC power source (1) into 
high-frequency power, a control circuit (9) for controlling the on/off of the MOS-FET (5), and a rectifying/smoothing circuit (6) for 
converting the high-frequency power into DC output. The control circuit (9) is composed of an output current control circuit (11) 
for controlling the on/off periods of the MOS-FET (5) so that the DC output current Iq flowing through a load (50) may be the rated 
value, a shunt regulator (24) for generating a reference voltage (V Rl ) used to regulate the rated value Iomax °f the output current 
control circuit (11), and a constant current source circuit (32) for making approximately constant the drive current I SH supplied from 
the rectifying/smoothing circuit (6) to the shunt regulator (24). Thanks to the constant current source circuit (32), the drive current 
I SH supplied to the shunt regulator (24) during the rated output is approximately the same as that during lowered voltage output. 
As a result, an irreducible minimum drive current I SH needed to maintain the reference voltage V REF at a constant level even during 
lowered voltage output can be supplied, and a drive current I SH can be reduced during the rated output to an irreducible minimum 
level. 
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^T>7' , (14)©tti^^T^bC0^:mBE$iJIIM^-«, j£tri(15)SL^-f F (16) 
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a*;tte{tt«h&5«fc5K:;W y^>^^(5)©^> • t7iR^Wt5ai^l 



WO 2004/054080 



6 



PCT/JP2003/015241 



raiuss (6) fr<b&mmmm&^m (24) izm^n^mmmm d SH ) sms— jtf-r 

«r t ttl JjMEE&Tm £ -eg*P«JE§g£^g: (24) iz&& $ ti5 ffilbttdit (I SH ) 2>*B§ 
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»?t i SH teB§— fetfc&o mw-fmx. mtinfei&Tmiz^y > h 
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z>* m^"j^^s(36)«. mmmfaMmm^y^u-? ^(Dft-h^tis^y 
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•y-r^— H (37)RCXffiifi(38)^b^D, ig»m».!Pffl =i >/1U-^ (35)£*iff^ 
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T*^<:fr-lM37)a*#*StfciR£&?K SE«E¥»l§lK(6);d>e>©tt#r*»S I SH 

Txmtn (23) ^iTigwcyt > h u^o. u-^ (24) iz&tetstiz. 
m 7 commB \z*k-?& o \zM.m¥-nm& (6) <Dm.mmtimmvo^Mmzv l 

fiTb, fcB;*J*EE#EEig#i(33, 34) ©^JEj&omEE**^ * > hKa I'-* (24) 
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Zi&M-tZZt ifi pit g t fc s o 

El 3 td^-r^M©^-e«, gj 6 tC^TA-f TXffi}n(23) <h>^ > M/^a 1/ 
-?{U)(Dti V- K^T<tcoraiC^m^*!l^l^^(31)^^$tl-5 0 iglbm^ 
$)JW^©(31)«, SOT?tlHlSg(6)(DiS^fcB^mBEV 0 ^^m-r'5i±5^SJE^-£E 

^^(33, 34) ^»jm^$fj^iffl=i >/ii/-^ (35) mm^^wtm) t&k 
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tSSSt s F?tlHlgS(6)^e»PNP h^>-^X^ (39)&uqg}n(40)£^LT*j!m£S'J 
©Igftm^E I ! £<D%}mtft£t£Z>o PNP h^>^X^(39)<7)^->B#^ < 

1hIS§ (6) & <E> P N P h =7 >iSX 9 (39) -BOSmk (40) £^ UT^tl£SUtf>igI)!jli^ 
I , <htf>*nm»iE<7MiI£PNP h7>->*X^(39)©^-7^fcS^¥?tlHlSg(6)^^ 
AW 7^1£^(23)£^LTsSin<5§gK)*}5it I SH ©M^— ^$-&nti, i7©* 

^ I SH ^S^m05§(6)^6^^ > K (24) IzmffiTZZtWVg 

o 

m 2 iz^tmmommt ^ii;/h 7x^(23) < rmt. 

T#-5o tti^«BEfST^t/^-r TXj£trC(23)^^bT^n^.|gi!j«^t I s 

h^pnp b^>^7;^(39)R^ffijn:(40)^^LT^n^sij(D^i!»«^ti 
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9 (24) CiJ&l/T, is^>b V^-=l U~5> (24)©S2p«BEV REF £— ^ U^UWc: 

n# © $mn in o) t oi m * * lit ^> d t ifi mm t & . 

0 4fC^mj£®Jgje©iaaE«iliSfi"Ctt, 0 2 fc^t"aJ:*J*JE#JBEi£*t(33. 3 
4)©M,^tyt>h l/^a l/-^ (24)©#y- KSS^tora^fe^— a©S8» 
S»J®ffl 3 >A° U-^ (43) , #4 Or- F (44)a^ffiSE (45) KSMTr 

~>^> h i/^ai/-^ (24) ©#v- v^tmmnmmmmzi^nv-z 

(43)©*RteA*«i ; f t©MlC»«Ufc*MBE»'JEfflfitt(41. 42) tt, ->^> 
h W*i^-*(24)©a£2fSfiJBEV REP £2-jBEU ^BE^6W»««E«!lffllffl=i> 
/ , ?U-^(43)©Hffi*BE*^-r*»«EEV R2 ^fg^-r«. IglbTOftJfPffl 
=1 >A° (43) CDSteA^^T^tB^mjE^JBES^L (33, 34) ©#JBEj£K:SEffi;* 

tl> l^n>/11/-^(43)0^feA^^T(+)ttS2p«ffi^JEEfflSta(41, 42) ©# 

^ > h U^zl V-$ (24)<7)*2p*JEV REF cfc D fcte^ffiUS^SftS. 

fi^m®s§(6)©it^!ti^mflEv 0 ^— ^v^-Mi^n^ 7 ©^ai; 

^T^tefciS^fSHc, tB^^/3E^jEj£*t(33, 34)©#ffi,&©mEE^>^ > h i/^^. 
I^-^(24)©3£2(t«JEV REF S:rXatip«JBE^JBEffifi*t(41, 42) ©#EE*©XM 
BEV R2 <i:0K^©"e, 2 o©K»«8!ES9fllffl3 Wtl^— ^ (35. 43)*>£<g*E 
(L)V"^;K0«-%*«a^j$n*. CtifccfctK HMff^ (36) (D 2 O tf>^< 

- f (37, 44) tmizimmtxm t-fcv. (6) & e> ©ig»mst i SiI & 

n< T7,mKm) ^vxm.^mz^^- > s i/^a. i/-^ (24) n^^ns. 
m 7 ©*hb (c^-Tck o izmmw-mm^^ommtntim&Vo^Mm^zv , s 

l?{ITt> £B;t>«EE#J£ig37i;(33, 34) ©#]£,&©«/£#* > h U^j. V — & (2 
4) ©S*P*EE V REF £&mmj£ftl£mm.tfi (41. 42) ©»JBEjS©*«P«JE V R2 £ © 
*M©«JEK:&*i:, — *-©K»*?S$!imffl3>AU-^ (35)^?>K*JE(H) V 

'Vi'om^tfttiiizn&tmz. m^<Dmmmmmmm^>/^u-^ (43) ©tb* 
fi^*<««E(L) i/^;n;fiij#$n5. unc^o, — ^©^^^-- f (zn&m 
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»EI8&(6)^&A-f TXSK(23)*^bTiffEn*Ki&*«E I SH fc:K»*flfefW*fffl 
3 >Al/-^ (35)^5^3— F (37)R£flg£i(38) £fr bTSEn5gU<Z>«»««E 

1 , # 5 2JtlX. €> tlTv-*' >hl/^jLl/— ^ (24) {C#£$p £tl<5 0 3£fcl» g?5fL¥?ilEJS& 
(6)©iSgS£tJ**JBEV o *«V 1 J:0 fe<S<^:0, fcB^«IE^ffijgM (33, 34)©#JEE 
jSt©ftffi3^**P«JE»£Effl«R (41, 42)©^JBE^©3£lp«JBEV R2t fcr)<£<^-5 t, 

2 ^©e»««EW*Pffln>Au— ^ (35, 43)*>&iSV>*JBE(H) l/^KDfa-^fcB 

*^n§o ^tifao, 2-Q©^-r^-F(37, u)tf#z\zmm#im£teio, mm 

gH^fflU >Al/-^ (35) K (37)Rt*J£#t (38) £^LT«EttSB>J<0 

> h 1/^3. 1/-^ (24) t#*&$n*. 

m 4 \z^rmm(Dmmx^t, mjjn&ftm&mttz. u) cdkr Acorns u^ju 

iZfoVTmm*]^®. (36) <Z>y< H(37, 44)Rtflg£i(38. 45)£:fM.TS^> 

hi^^o.^-^(24)fctti!i&-rsai©sKi(i*aE©M* i ^ i ,+ 1 2 <h©2 

*|J^IT#^(D-Ir, M^¥*iiISS(6)Oii:8lEtb^«JEV 0 <D<gT^JtSDT>'^> h 

©H^lJSMlHlSStM^JfC^OX-r y^gttTOPNP h^>^X^(46)R 
^«tt(47)©it9H»«|g86*SJi*-r*i:*fc, tUtimJE^EEmm (33, 34) ^JE 
*iPNPh7>yX^ (46) <£>^-X^ — l&©K»«»E«!lflffl 3 
>Al^-*(43), ^<^-K(44)RtKSta(45)^it^J^^-r^. 
h l/^^l^-^(24)OS^«iEV REF ^^BELT^©^ffi^e>IKIir*)5ft$tJ^lffl 

n >a l — ^ (43) (Dmmnfc&MM?z>&mnmv R2 &ft4ETz>mmmmftjE 

fflffitt(41. 42) h l/^al/-^(24)©* V- Ki^&IfttillllHffln 

>/t (43)©SteA** ; F-i:©mt»«-r*. H4 fcjR-r*«©»IRi:ra«l 

fc, 3£«JBE^JEfflSK(41, 42)<Z>#JEj£©£*P«JEV R2 tt>'^> h l/^al/- 
* (24) (DS^UBE V REF £ 0 fcteVaMKlRjesn, igft«»J#P/B □ >A l/-^ 
(43)0*S(EX*SS^ttm**ffi^EEStrt(33, 34) zi>A 
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s %i¥-m ms§ (6) lb t) mi£ v q ^-^m v 2 fc mn £ n & bi 7 © gig a t~ 
i/-^ (24) <DmmnEEv REF %.zs&mnj£ftj£m&in (4i, 42) ©#jbej&<0£m 

flEV R2 «kOflE^0T?» 2 0©ffi»flgaE*!lllffl3 W^V"- ^(35. 43) V>«JBE 
(H) l^;U©^§-j&«{ti:fc£tt<&. *^^©(36)©^dlEB&±#St 
^2O0^t-h' (37. 44) ^iM^^tCAW T 71 $ tlift fc**ii«S8 £ U 0 , 
^-XS^Fld^iS^mJBEto) l/^Mt^##$n^20©PNP h7>y 
7^(39, 46)##fc::*-:7tta8£:&5. £©fc8fK 3£teffi:ftl5fcS3K¥»imB&(6) j&> 

(24)k:#y&£ti5o 0 7©^j»Bfc*-r«t'5fcfiEat3p»lHlBS(6)©ifi[SIEtB 

^mjEVo^SfctdVjSTiSTL, fcB^mffi^i3EStrL(33, 34) ©#JEj&©«EE;&i 

h ^ai/-^ (24) <D&mnj£v REP £&mmi£ft&mm,m, (41. 42) 

®ffi3>/ti/-^(43)om^«^iS^mjE(H) u^;nc«i#$n*. cm^ct 
<d?<#— F(44)«#»®#&£#i#-rsa>&» ^-xagmdffi^mjECL)^ 

;HZ)W##$n5-*©PNP h^>:?X*(39)©*3&*;*->tfc9B£fc5. d 
SE«E¥»leI8& (6)*> &PNPh 7>z?7s?m)lkTSWoi(m &frVTffinZ>W\(D 

mmnift 1 , t©mt«i^vt> h 1^3. u-* (24)fc#M&£n«ffi»*8ft£& 

3. ftSK 5 P»I5IK(6)©il[Sl£ai**JEV 0 3&tV 1 <fct) fe<£<&0. tB*«EE 

#EEj£JrL(33. 34)©#JE£<0*JEj&*£**ffi#ffifl!Jg#i (41. 42)©#ffi,&©X2p® 
J£V R2< £D^<&-5<h> 2 ^xDmmnffiMfflm 3 >AV — * (35. 43)^e»ffiVi* 
J£(H)U^)V<Dm^mtl^n^o ZtHZ&O* 20©y<t- K(37, 44)^JH 

m$ll§2^0PNP h ^ >S^7^ (39, 46) K: ^" >Vtm tfcZo Z\<D£ 
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©|g»««n .tOfamgSt I SH + I tKWPNP H^>S?**(46);fttfffi£t 

(47)s^uTt«n$sij©jB»*8iE 1 2 £jjnx.fc i s „+ i ,+ i ^mmmmt it 
> h i/^ol ^ (24) nfti^ns. 

0 5 tC^-r^Jfi©J^Sg7?tt, tfcl^«JE^EESta (33, 34) <DftEE&<DW,&. l"<)l> 
lZJfcCTnffi*f%.^m(W&&1&-?% 2O0PNP h^>> J X^(39, 46)<D— ^ 
Xtt5R^*^>ttffifc«J0#^LT, MSS¥*HII?§(6)^e 2I0PNP F5>y 
(39. 46)R^t£*i(40. 47) ©E?«Jj$ffcl3E&£fl- IT > -v > hl/=fa (24) 

^■^^-rssuoigiijmst* i t x« 1 1 + 1 2 <D2SPgMfcpj^Tf^^cD-e, mm 
¥m®&ti)omiMititimEEv 0 <D{&T\zmu-Ti/'r> b u^^u-? (24) \zm 
z mrnrnm &m m iz in? # ^ 0 

-cummmmmm^ (31) 1*1 c 2-o<Dmmmmmmm 3 >a i/-^ (35. 43) &m 
v. mmw-m®&(v<D\&ffimtini£v 0 oi&Tizfocxnffi^^mm)&ifr 
Lxyt>M/^a^ (24) \zms-? z>m<Dmmmm<Dm& 2 ^miz^i^ vtc 

**£EV 0 ©<£Tk:j5SCT*SlE'Rl^g:(36) ^LT->t> h U^a. 1/-^ (24) 

\zm&^zffl(Dmmnffi<Dm.&3£\zgr&mz^m:isT*>£^o B3RtfEi 

5 (C^T^-lliS^^tC^-rX-r y^-#Ik(39. 46) tbTPNP h^>i?X^tf) 
ttfc>9K:, Pft^HMOS-FET^fLTfeJ;^ PNPf7> 
yX^©ftbOCNPN h7>yX^XttN?t^HMOS-FET$fffib 
Tfect^„ d<£>«£te, ig»«^Mffln>A°l/-^(35, 43)CD#^feA*^ 

i^SATj^i itmzmmrz tmz, h (37, 44) ©utt^t-rn 

«*j^ 0 ±m<D&mm(DmM^fcM7 (D-mmBiz^femmmT&Wi&m 
-tz>mmmmzi£5£w*mm 17 o^cic^-rmn 7 <D^mT&&$: 
ft? zmwm&xizm 7 ©-^M^D{c^r^«^sT#'i4^^-r^>sijffliiHis&^ 
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tS«IS©D C - D C □ >/t-^XiUtii*lfeifflO h 7 >X Stffl b 
&^#EEX«|S?EE^3 yAID C -D C n >n-?m<D#mUm<DV C - D C n 
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m * <d m m 

sft m ^ k l r n ^ t z> mm w- m m & t * m x . 
mmmm^mt. mm&n \z mnz mm m tinmtfmtem t & s & ? \z mu x 

*m->£ izTzmmnmmffl^Wi&mx-Zz z. h £-?z>w.mnmmwo 

2. fuiBfcbi7iioft$fji?iHiiigtt, tuiBA^^ofEn^iegSEm^m^^^m-r^fcfci 
^m^m^i, nmmm^m\E]^zomt)mm\z£vmm2nR^Mmw- 
mmijmm(DMm^mmT^&mm&^m±-r^mmmmm±^mt. mmm 

hi&^t^izm i <D\ti±m^?tm$LV. mm&Jinm&\&^wt(Difk\h\ti±<Dmm 
u^ou^mmmmmm^^^mmmmx k> %m^t%\zm 2 (Duaim 

izmw;2n%Mmmmitit)n!£tf-fefe£te%£?izMmx-< y^><!fm?<D* 

> • ^^£»iT£igtMi^£tti*u tfifBitfe^s^iufB^2<^i±s*{s-^ 

> • ^yw^^M^i-^miii^^m^bTHuiBia^m^«?^^^jps-r^ig»j{f 

3. mmmmmmmm^mt, ffUBfiast^msg^m^mffi^^m-r^m^ 

■Lfe izmfzmm^mtEimfr % omuMWimm^:m.^mzmt^mmm^^ 
mzmtis. mmmj£&m^mfimm&2<Diiitim^&m£Vfz£^\zm?.mm 
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mrzm&m 2 \ztm(om.mmm^mo 

4. mmmm^^m^ mm%s.^c^^mu^2 0)\^timn^m^ 

5. mmmim^m^. mmmmit^m^mmm2<Dititim^^^^ 
rzt^\z^>^mt^DR^m$mmmB^^m^zmmm(DmW}m^^mT 

6. mmmmmmmm^mt, mm&mmj£<Dm&^n^nmu%m&<vn 

nj^-r^ft^ 3 \zmm<Dw.mmwMWo 

7. mmmm^^m^ mtm&<nnj£&m^mmmm2<Dttit)m^$: 

~zMm&mmj£¥£!k^mz&* (D^mmmmm^m^-r^m^m 6 izmmnuwi 

8. mmmm^j^mt. mmm^(Dm&^^i)mmm2(Dtiiijm^^ 

Si. 
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